In most human populations, the ability to digest lactose contained in milk usually disappears in childhood, but in European-derived populations, lactase activity frequently persists into adulthood (Scrimshaw and Murray 1988). uniquely mark a common (∼77%) haplotype that extends largely undisrupted for 11 Mb. We provide two new lines of genetic evidence that this long, common haplotype arose rapidly due to recent selection: (1) by use of the traditional F ST measure and a novel test based on p excess , we demonstrate large frequency differences among populations for the persistence-associated markers and for flanking markers throughout the haplotype, and (2) we show that the haplotype is unusually long, given its high frequency-a hallmark of recent selection. We estimate that strong selection occurred within the past 5,000-10,000 years, consistent with an advantage to lactase persistence in the setting of dairy farming; the signals of selection we observe are among the strongest yet seen for any gene in the genome.
Introduction
Genes that have experienced recent positive selection offer a window into the evolutionary forces that shaped recent human history. For example, signatures of recent selection for resistance to malaria have been demonstrated around the HbS allele in the b-globin gene HBB (MIM 141900) (Pagnier et al. 1984) , the A Ϫ and Med alleles in G6PD (MIM 305900) (Tishkoff et al. 2001) , the *O allele of the Duffy gene FY (MIM 110700) (Hamblin et al. 2002) , and a promoter variant in the CD40 ligand gene TNFSF5 (MIM 300386) (Sabeti et al. 2002) .
Other genes for which genetic data support a recent selective event include CKR5 (MIM 601373) (Stephens et al. 1998) , HFE (MIM 235200) (Toomajian et al. 2003) , ADH1B (MIM 103720) (Osier et al. 2002) , and possibly CFTR (MIM 602421) (Wiuf 2001 and references therein) ; the particular evolutionary advantage in these cases is less clear. Many of the selected alleles also contribute to or cause disease, indicating that identification of genes under selection may have significant consequences for medical genetics. Furthermore, once such genes have been definitively identified, characterizing the signatures of selection at these genes will guide the development of tools to search for other genes under selection.
One of the genes most frequently proposed to have experienced recent positive selection is LCT (MIM 603202), which encodes the enzyme lactase-phlorizin hydrolase. The epidemiologic data in favor of selection are quite strong: the ability to use this enzyme to digest lactose during adulthood varies dramatically across worldwide populations, with particularly high rates among northern Europeans (Bayless and Rosensweig 1966; Simoons 1969; Scrimshaw and Murray 1988) . Furthermore, persistence of lactase activity into adulthood is genetically determined (Simoons 1970; Kretchmer 1971; Scrimshaw and Murray 1988; Enattah et al. 2002) , and the geographic distribution of lactase persistence matches the distribution of dairy farming (Simoons 1969; Kretchmer 1971; Scrimshaw and Murray 1988) . Because of these features, Cavalli-Sforza (1973) and others (Simoons 1970; Flatz 1987; Hollox et al. 2001; Poulter et al. 2003) proposed that the high rate of lactase persistence in European populations is explained by positive selection resulting from increased nutrition from dairy, the only dietary source of lactose. Despite these compelling epidemiologic data, neither formal population-genetics-based evidence of selection nor an estimate of the timing and magnitude of positive selection has been provided by analyzing genetic data at the LCT locus. In addition, many non-European populations show high rates of lactase persistence, raising questions about whether a single allele arose once and is shared by all lactase-persistent individuals or whether different alleles have arisen in human history.
Recently, new tools to study selection at LCT have become available. In particular, Enattah et al. (2002) demonstrated that two polymorphisms upstream of LCT are tightly associated with lactase persistence. In that study, the persistence-associated alleles were found primarily on a single 250-kb microsatellite haplotype in the Finnish population. By use of 18 SNPs spanning 1 Mb, Swallow and colleagues also recently reported a long haplotype around these alleles (Poulter et al. 2003) . However, the mere presence of a long haplotype, although consistent with selection, does not by itself constitute a signature of a selective event (Sabeti et al. 2002) .
A variety of genetic signatures of positive selection have been described (reviewed in Bamshad and Wooding 2003) . These include an excess of rare variants (indicating a selective sweep followed by the accumulation of new, rare mutations), large allele-frequency differences among populations (indicating differential effects of selection that cause alleles to rise dramatically in frequency in some but not all of the populations), or a common haplotype that remains intact over unusually long distances (indicating an allele that rose rapidly to high frequency before recombination could disrupt the haplotype on which the allele lies). The last two signatures are particularly appealing because they can be detected by genotyping common polymorphisms in one or more populations and may have better power for identifying recent positive selection (Sabeti et al. 2002) . Large differences in allele frequencies between populations have traditionally been detected by use of the population-genetics measure F ST (e.g., Akey et al. 2002) , whereas demonstration that a common haplotype is unexpectedly long requires application of the recently described long-range haplotype test (Sabeti et al. 2002) .
In this study, we analyze genotypes for 1100 SNPs in multiple populations, and we demonstrate two striking signatures of selection at the LCT gene. First, SNPs near LCT show large differences in allele frequencies among populations, demonstrated not only with the traditional F ST measure but also with a more informative metric, p excess . In addition, we show that the long (1 Mb) haplotype carrying the persistence-associated alleles is much longer and more common than would be expected in the absence of selection. We are also able to estimate from these genetic data the time period during which selection occurred, and we show that the selective pressure at LCT was comparable to the strongest selection yet documented in the genome.
Subjects and Methods

DNA Samples
DNA samples for European American, African American, and East Asian populations were obtained from the Coriell Institute (Coriell Institute for Medical Research Web site); a complete list of these samples and geographic origins is given in table A1 (online only). The Scandinavian population, which has been described elsewhere (Altshuler et al. 2000) , is a subset of 379 normal glucose-tolerant trios from Finland and Sweden, and the samples we typed represent 360 independent chromosomes. The remaining populations listed in table 1 have also been described elsewhere (Rosenberg et al. 2002) . This project was approved by the appropriate local institutional review boards, and subjects gave informed consent.
Selection and Genotyping of SNPs
SNPs were selected from dbSNP (dbSNP Home Page), preferentially choosing the SNP Consortium (TSC) and BAC overlap SNPs (submitter handles: TSC, SC_JCM, and KWOK) and genotyping SNPs at a greater density closer to the LCT gene. In addition, we intentionally genotyped the two SNPs reported to be associated with LCT persistence (Enattah et al. 2002) . A complete list is given in table A2 (online only). SNPs were genotyped by use of the mass-spectrometry-based MassArray platform provided by Sequenom, implemented as described elsewhere . Primers were designed by use of Spectrodesigner software (Sequenom), and sequences are available on request.
Statistical Analysis
F ST was calculated as described by Akey et al. (2002) , with Nei's correction for sample size (Nei and Chesser 1983) . To generate a genomewide distribution for F ST and p excess , allele frequencies at markers throughout the genome were downloaded from the SNP Consortium (TSC) Web site, by use of data from the Whitehead Institute Center for Genome Research (WICGR), Celera, Motorola, and Orchid. We excluded data from pooled samples, since the F ST distribution was different for pooled data (Akey et al. 2002 and data not shown) . In total, data from 28,440 markers were used to generate a genomewide F ST distribution. To compare the F ST at markers around LCT with the genomewide distribution, we applied the Wilcoxon rank-sum test (Rosner 1982) , limiting our analysis to markers separated by at least 20 To understand the rationale for using the p excess statistic, consider the scenario where positive selection rapidly introduces a single haplotype at frequency h into a population. Under the model of strong selection, a particular long-range haplotype will rapidly rise from a single copy (frequency near 0) to a frequency of h in the selected population. Consider now a marker within the long-range haplotype with an allele of frequency p prior to the selective event. If there has been little opportunity for recombination, nearly all copies of the selected haplotype will carry the same allele at this marker. For the allele that lies on the selected haplotype, the allele frequency will increase to after selection;
for an allele that does not lie on the selected haplotype, the allele frequency will decrease to . Solv-
if p 1 p 1 . This is algebraically identical to p excess p )/p 1 (Hastbacka et al. 1994 ); here, p 1 is the allele frequency in the population under consideration, and p is the ancestral allele frequency, which we estimate by the average allele frequency in the populations that have not experienced selection (in this case, the East Asian and African American populations). To maximize the chance that the variant predates the selective event (essential for using p excess to estimate h), we only calculate p excess for polymorphisms in which the allele frequencies in all populations are between 10% and 90%. Similar results were obtained whether or not we corrected the allele frequencies in African Americans for the estimated 21% European admixture (Parra et al. 1998) . Of the markers from the SNP Consortium (TSC) Web site, 13,696 have allele frequencies between 10% and 90% for all three populations, and these were used for calculating the genomewide characteristics of p excess . For comparison, we identified 952 regions with at least 5 markers spanning 50 kb-100 kb. We found that none of these 952 regions contains runs of у5 consecutive markers that span at least 50 kb and have p excess values above the 90th percentile; the LCT region has 16 consecutive markers spanning 800 kb with p excess values above the 95th percentile.
The long-range haplotype test, the calculation of relative extended haplotype homozygosity (REHH), and the assessment of the significance of REHH by use of simulations were performed as described elsewhere (Sabeti et al. 2002) . In brief, a core region was defined as a block of linkage disequilibrium with little evidence of recombination . The genotype data was converted to inferred, fully phased haplotype data, and, within the core region, each common haplotype (15% frequency) was analyzed separately. At each marker, a chromosome was considered intact if, from the core through that marker, the chromosome was identical to all other intact chromosomes carrying the same core haplotype. For LCT, the core region was chosen to contain the persistence-associated markers. For the simulations, cores and genotypes extending outward from the cores were generated as described elsewhere (Sabeti et al. 2002) . The empirical P value for the 5 markers was .012. For the 3 markers, 10,000 simulations generated ∼25,000 core haplotypes, of which ∼2,500 had a frequency similar to that of the LCT core; none of these had an REHH near that seen for LCT (empirical P ! .0004). To better estimate the P value for the 3 markers, the REHH distribution from the simulated data was log-transformed to achieve normality, and the mean, median, and SD were used to estimate P values for the actual REHH value observed in LCT. The estimation of dates was performed according to methods described elsewhere Stephens et al. 1998) .
For these analyses, fully phased haplotype data were required. We used two phasing programs: PHASE, a Bayesian method for phasing diploid genotype data (Stephens and Donnelly 2003; PHASE Web site), and also a similar program (wphase) that we developed for this purpose. Similar results were obtained from the two phasing algorithms. The mathematical models underlying the two programs are similar, but PHASE performs a Markov Chain-Monte Carlo procedure, whereas wphase carries out a hill climb, (approximately) maximizing the likelihood. We estimated REHH and dates at distances on either side of the core region, where approximately one recombination per chromosome had occurred on the persistence-associated haplotype (that is, ∼1/e chromosomes carrying the persistence-associated haplotype remained unrecombined).
We estimated the coefficient of selection, s, by applying a formula (Hartl and Clark 1997) that relates the frequency in generation to the frequency in
In this formula, is the relative fitness q p 1 Ϫ p ,w . We also assumed the initial frequency p 0 to be 1 Ϫ s between 1/1,000 and 1/10,000 (corresponding to a new mutation in a population with an effective size between 500 and 5,000; larger population sizes yield even higher coefficients of selection). Starting from these initial frequencies, we calculated values of w 22 that would yield a frequency of p p 0.77 after 2,188-20,650 years of selective pressure for the United States population and 1,625-3,188 years for the Scandinavian population, assuming 25 years/generation.
Results
To examine the evidence for selection, we began by genotyping the two SNPs that were recently reported to be very tightly associated with lactase persistence (Enattah et al. 2002) : rs4988235 (Ϫ13910CrT) and rs182549 (Ϫ22018GrA). We determined the frequencies of the persistence-associated alleles (T and A, respectively) in three populations for which many thousands of markers have been genotyped (European Americans, African Americans, and East Asians), thereby permitting comparison of our results to a genomewide background distribution (Akey et al. 2002) . The persistence-associated alleles occur with a frequency of 77% in European Americans, 13% and 14% in African Americans, and 0% in East Asians (table 1) , broadly consistent with the rates of lactase persistence in these populations (Scrimshaw and Murray 1988) . Large differences in allele frequencies across populations, such as we observe at these markers, are suggestive of selective pressure that differed among the populations (Lewontin and Krakauer 1973; Bowcock et al. 1991; Akey et al. 2002) . The unusually large magnitude of the population frequency differences for these two markers is reflected in their values of F ST , a traditional measure of population differentiation-the F ST values (0.53 for both markers) exceed 99.9% of the F ST values from a genomewide set of 128,000 SNPs (see the "Subjects and Methods" section). We also genotyped these two associated SNPs in a more diverse set of samples (Altshuler et al. 2000; Rosenberg et al. 2002) ; the frequencies of the persistence-associated alleles were much lower in southern European than in northern European or Basque populations, and the persistence-associated alleles were rare or absent in almost all non-European-derived populations tested, except Algerians and Pakistanis (table  1) . The wide range of allele frequencies among European populations is consistent with selective pressure that postdates the colonization of Europe, resulting in different prevalences of lactase-persistence alleles in northern and southern European populations.
To extend these results, we genotyped an additional 99 markers in 3.2 Mb flanking the LCT locus, again looking for high degrees of population differentiation. In response to strong positive selection, a selected allele rises rapidly in frequency. The frequency of the haplotype on which the allele occurs will increase correspondingly, because there is insufficient time for recombination to disrupt the haplotype while it becomes more common. Thus, allele frequencies at flanking markers on the haplotype will be altered. To measure this effect, we used two metrics of allele-frequency differences: the traditional F ST and a newer metric, p excess . F ST has limited utility when the flanking allele on the selected haplotype was already fairly common prior to selection, because, in this case, the F ST value will be quite low; thus, only a fraction of flanking markers are expected to show elevated F ST values within a region of selection. Consistent with this expectation, there was an excess of high F ST values among the 99 markers, but F ST values varied widely from marker to marker ( fig. 1a ; see the "Subjects and Methods" section for additional details). The excess elevation of F ST is predominantly derived from markers located in the vicinity of the LCT gene ( fig. 1a) , with allele frequencies that are generally different in Europeans than in the other two populations (table A2 [online only]). This elevated F ST in markers flanking LCT confirms the signal of selection seen with the Ϫ13910CrT and Ϫ22018GrA variants. However, as expected, only some of the markers near LCT have elevated F ST values. Accordingly, we sought an alternative measure of population differentiation that would reveal a more consistent signal in the vicinity of a selected allele.
We chose to study the p excess statistic, which has previously been used to localize disease-causing alleles in founder populations and is a measure of differences in haplotype frequencies across long distances (Hastbacka et al. 1994) . p excess is also equivalent to the measure of linkage disequilibrium, d (Devlin and Risch 1995) . If a single haplotype differs in frequency across a long region, p excess will be elevated and relatively constant across multiple markers within that region, with values approximately equal to the increase in frequency of the haplotype (see the "Subjects and Methods" section for details). We observed a consistent, marked elevation of p excess in the LCT region: 17 consecutive markers in a region spanning 500 kb around LCT have nearly identical, very high values of p excess that approximate the frequency of the persistence-associated haplotype (0.77) (fig. 1b) . Furthermore, the elevation in p excess extends for at least 1,500 kb ( fig. 1b; the "Subjects and Methods" section for details). These results further mark the LCT region as very unusual when compared with the remainder of the genome, and they strongly suggest that genetic hitchhiking due to selection has occurred: that is, a selected allele rose in frequency over such a short time period that the frequencies of linked alleles on the surrounding 11 Mb haplotype were dragged up as well (Braverman et al. 1995) .
In addition to the tests above, which are measures of differentiation between populations, we also employed the recently described long-range haplotype test of Sabeti et al. (2002) , which detects selection by measuring the characteristics of haplotypes within a single population. A recent haplotype should be surrounded by long stretches of homozygosity, since recombination will have had few opportunities to juxtapose adjacent segments from other chromosomes with the selected haplotype. The evidence for selection is a haplotype that arose recently-as evidenced by long flanking stretches of homozygosity-but is so common that the haplotype could not have risen quickly to such high frequency without the aid of selection. We observed precisely this pattern at the haplotype containing the lactase-persistence-associated alleles Ϫ13910T and Ϫ22018A. The haplotype containing these alleles was very common (77% in European Americans) but also largely identical over nearly 1 cM (1800 kb), indicating a recent origin (red bars in fig. 2 ). This long stretch of homozygosity was not simply due to a low local recombination ratethe other haplotypes in this region show shorter extents of homozygosity, indicating abundant historical recombination (blue bars near the bottom of fig. 2 ), and the recombination rate in this region is typical of that in the genome as a whole (Kong et al. 2002) .
To formally assess the significance of these results, we focused on the REHH statistic (Sabeti et al. 2002) ; REHH values much greater than 1 indicate increased homozygosity of a haplotype compared with other haplotypes in the region. For the lactase-persistence-associated haplotype, REHH was 13.2 in the region 3 to LCT, indicating much less breakdown of homozygosity at the persistence-associated haplotype than at haplotypes not carrying the persistence-associated alleles. We compared the LCT data to data from coalescent population-genetics simulations analogous to those in Sabeti et al. (2002) , and the empirical P value for excess homozygosity 3 to LCT was .0004 ( fig. 3 and the "Subjects and Methods" section); other estimates of significance suggest a P value closer to 10 Ϫ7 (see the "Subjects
Figure 2
Long-range extended homozygosity for the core haplotype containing the persistence-associated alleles at LCT at various distances from LCT. The extent to which the common core haplotypes remains intact is shown for each chromosome in cM. The core region containing Ϫ13910C/T is shown as a black bar, and the LCT gene is oriented from left to right. Core haplotypes containing the persistenceassociated allele (Ϫ13910T) are shown in red, and those containing the non-persistence-associated allele (Ϫ13910C) are shown in blue. Haplotypes are from European-derived U.S. pedigrees; all chromosomes with core haplotypes having a frequency у5% in this population are depicted.
Figure 3
REHH, a measure of extended haplotype homozygosity, plotted for the persistence-associated haplotype at LCT, in comparison with REHH from haplotypes in 10,000 sets of simulated data (Sabeti et al. 2002) . Data are shown using markers (a) 5 and (b) 3 to the core region. Data for the LCT-persistence-associated haplotype are indicated by red symbols, and data from simulations are indicated by gray symbols. REHH distributions from actual genotypes for 12 control regions were consistent with the simulated distributions (data not shown).
and Methods" section). As confirmation, we compared the LCT haplotype to actual genotype data from 12 control regions spanning 500 kb each. The distribution of REHH was similar for the control regions and the simulations, and the LCT haplotype had a higher REHH than any of the matched control haplotypes. It is notable that the signal for selection is much stronger for LCT than for the well-established case of G6PD-although higher haplotype frequencies are in general associated with lower REHH values (Sabeti et al. 2002) (fig. 3 ), we observe a larger REHH statistic for the 77% LCT haplotype ( ) than for the 18% REHH p 13.2 G6PD haplotype ( ) (see Sabeti et al. 2002) . REHH p 7 Although we cannot rule out the possibility that the extended homozygosity of the high-frequency LCT haplotype is due to dominant suppression of recombination over Mb distances because of an allele on this haplotype, positive selection seems to be a more biologically plausible phenomenon, especially since the haplotype has such a strikingly wide spread of frequencies across European populations. Furthermore, the parental core haplotype on which the persistence-associated alleles arose is present in Asian and African American populations, and it does not have an elevated REHH value (data not shown).
We next estimated the age of the lactase-persistenceassociated haplotype, on the basis of the decay of haplotypes in either direction from the LCT core region Stephens et al. 1998) . On the basis of our analysis of European-derived U.S. pedigrees, the best estimates of the time at which the persistence-associated haplotype began to rise rapidly in frequency are between 2,188 and 20,650 years ago, consistent with the estimated origin of dairy farming in northern Europe ∼9,000 years ago (Simoons 1970; Kretchmer 1971; Scrimshaw and Murray 1988) . Even more recent estimates (1,625-3,188 years ago) were obtained by analyzing a Scandinavian population of parent-offspring trios, suggesting stronger and more recent selection in this population. On the basis of these ranges of ages, we estimate the coefficient of selection associated with carrying at least one copy of the lactase-persistence allele to be between 0.014 and 0.15 for the CEPH population and between 0.09 and 0.19 for the Scandinavian population (see the "Subjects and Methods" section for details). By comparison, the selective advantage in a region endemic for malaria has been estimated at 0.02-0.05 for G6PD deficiency (Tishkoff et al. 2001 ) and 0.05-0.18 for the sickle-cell trait (Li 1975) . Thus, the added nutrition from dairy appears to have provided a selective advantage in northern Europe comparable to that provided by resistance to malaria in malaria-endemic regions.
Discussion
We have now demonstrated, on the basis of three different analytic methods (elevated F ST at markers associated with lactase persistence, runs of elevated p excess at flanking markers, and extended haplotype homozygosity), that strong positive selection occurred in a large region that includes the LCT gene. This selection occurred after the separation of European-derived populations from Asian-and African-derived populations, and it likely occurred after the colonization of Europe. The high frequency and young age of this haplotype, the high estimated coefficient of selection, and the very high REHH value all suggest that LCT represents one of the strongest signals of recent positive selection yet documented in the genome. Our results strongly support the hypothesis that the additional nutrition provided by dairy was very important for survival in the recent history of Europe and perhaps in other regions of the world as well.
Our results show that chromosomes carrying the allele associated with lactase persistence (Ϫ13910T) share a very long haplotype around this allele. We and others have noted that the presence of this long haplotype raises the possibility that a variant located somewhere in this large region, other than Ϫ13910CrT, could be the cause of lactase persistence (Grand et al. 2003; Poulter et al. 2003) . Indeed, Swallow and colleagues have identified an individual who is homozygous for the nonpersistence-associated allele at Ϫ13910CrT but retains lactase activity (Poulter et al. 2003) . Recently, Olds and Sibley (2003) demonstrated differential in vitro transcriptional activity between short segments of DNA carrying the C and T alleles, but the predictive value of such in vitro data for the in vivo phenotype remains uncertain. A comprehensive assessment of variation throughout this long haplotype may be required to determine if Ϫ13910CrT is truly the causal polymorphism. Of course, it is also possible that the strong signature of selection is not due to variation at LCT but rather to a coincidental selective event acting on a nearby unrelated gene. However, the striking geographic correlation of lactase persistence with dairy farming (Simoons 1969; Kretchmer 1971; Scrimshaw and Murray 1988) and the recently described evidence of selection on cattle-milk protein genes in regions of Europe with a high prevalence of lactase persistence (Beja-Pereira et al. 2003) lend strong support to the dairy hypothesis.
The Ϫ13910T allele was rare or absent in the subSaharan African populations we tested, indicating that the presence of the T allele in African Americans that we and Enattah et al. (2002) observed is probably explained by admixture of European-derived chromosomes into the African American population (Parra et al. 1998 ). Thus, our data do not provide evidence that the Ϫ13910T allele predates the differentiation of European and African populations. The absence of the T allele in African populations also suggests that either Ϫ13910C/T is not the causal allele or that lactase persistence arose multiple times, because lactase persistence is prevalent in a number of African populations (Scrimshaw and Murray 1988) . Consistent with these suggestions, the study by Mulcare and colleagues (in this issue of the Journal) showed that the Ϫ13910T allele was absent from several African populations known to have high rates of lactase persistence (Mulcare et al. 2004 [in this issue]). We did not specifically survey these populations, but such surveys will help determine whether lactase persistence arose multiple times in human history or whether a single very old polymorphism rose independently to high frequencies in multiple populations, as has been suggested (Enattah et al. 2002) . Finally, the T allele was present at high frequencies in Pakistan and at somewhat lower frequencies in Middle Eastern populations (table 1) and was found on the same local haplotype in these populations as in Europeans (data not shown). These data suggest that individuals carrying the lactase-persistence allele might have migrated between populations (perhaps along with dairy farming), and their descendants may be responsible for the increased allele frequencies in diverse populations in Europe and neighboring regions.
More generally, we have implemented two methods of detecting signatures of positive selection: runs of consecutive markers with elevated p excess and the long-range haplotype test. It is important to note that these two tests identified LCT as strikingly unusual because LCT was at the far extreme of the genomewide distribution. With the availability of data for loci throughout the genome, empirical comparisons of individual loci to the genomewide distribution will distinguish other genes that are in the extreme tail of the distribution and, thus, are likely to have experienced selection. Ideally, the metrics will be compared not only to an empirical distribution but also to a simulated distribution derived from an appropriate model of recent human evolution that is consistent with empirical data. As models that incorporate more-complete descriptions of human history are developed, such simulations will become more useful.
Both of these methods should be readily applicable to genomewide SNP genotype data being generated by the haplotype map of the human genome (HapMap Project Web site). In particular, runs of markers with consistently elevated p excess should be detectable once an adequate number of SNPs have been genotyped in multiple populations; our experience with LCT suggests that these runs of elevated p excess may be more informative than signals from individual markers with high F ST values, particularly where selection has dramatically increased the frequency of a single haplotype. The longrange haplotype test should also be useful, even in studies of a single population. Thus, it should be possible in the near future to identify many other loci that have undergone recent positive selection, leading to new insights into recent human evolution and also human disease.
